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$n$ $p_{1},$ $\ldots,p_{n}$ .




1. $q$ $p_{i}$ $d(q,p_{i})$ .
2. $i$ 1 $n$ , .








2. $q$ $Pq(1)$ .
3. $Pq(1)$ $q$
, $Pq(2)$ .










1 $N$ k , N





$\bullet$ ( ) $p_{1},$ $\ldots,p_{n}$
,
.. ( ) $p_{1},$ $\ldots,p_{n}$ $n-1$
,
.. ( – ) $n$ $k$












21 $p_{1},$ $\ldots,p_{n}$ , $p_{i}$
$\mathrm{V}_{0}\mathrm{r}(p_{i})$ ,
Vor$(pi)=\{x\in \mathrm{R}^{2}|d(p_{i}, x)\leq d(p_{j}, x)\forall j\neq i\}$





















$-d(z_{1}, z_{2})= \max(|x_{1}-x_{2}|, |y_{1}-y_{2}|)$
$\bullet$
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[ ] ( ( ))
1. $P=\{p_{1}, \ldots.p_{n}\}$ $x$
, .
2. $P$ $P_{l}=\{p_{1}, \ldots,p_{k}\}$
$P_{r}=\{p_{k+}1, \ldots,p_{n}\}$ 2 ,
$\mathrm{V}_{\mathrm{o}\mathrm{r}}(P_{\mathrm{t}}),\mathrm{v}\mathrm{o}\mathrm{r}(P)r$
. , $k=\lfloor n/2\rfloor$ .
3. Vor $(P_{1})$ Vor $(P_{2})$ $\mathrm{V}_{\mathrm{o}\mathrm{r}}(P)$
.
4: ( ),




































$p\in C$ $\kappa$ . $\kappa_{g}$ $\kappa$
. C











$x=c$ $(c\in \mathrm{R})$ .
.
, 2 .

















$p_{1},p_{2}\in C^{+}\Rightarrow C_{\mathrm{p}_{1},p_{2}}\in C^{+}$





34 . , 2
$p_{1}(x_{1}, y_{1}),p_{2}(X_{2}, y2)$ ,

















) ( 6 ). 6
, $\mathrm{H}$ 3 .
3 $p_{i}(x_{i}, y_{i})(i=1,2,3)$ –
.






$\alpha(x^{2}+y^{2})-\beta y+\gamma x-\delta=0(\alpha, \beta, \gamma,\delta\in \mathrm{R})$ .
, $\mathrm{H}$ 3
.




$\alpha\neq 0,$ $( \frac{-\gamma}{2\alpha},$ $\frac{\beta}{2\alpha})\in \mathrm{H}$ and $4\alpha\delta+\gamma^{2}<0$ .
.

















41 $\{p_{1}, \ldots ,p_{n}\}$ ,
Vor( ) ,
Vor$(pi)=\{x\in \mathrm{R}^{2}|d(p_{i},x)\leq d(p_{j}, x)\forall j\neq i\}$










1. $P=\{p_{i}(Xi, y_{i})|xi, y_{i}\in R, 1\leq i\leq n\}$
, $P’=\{p_{i}’(X_{i,y_{i,i^{2}}}X+y_{i^{2}})\in$







, $P,$ $q,r_{P,q},il\in R$ .
43 $N$ M x\in M
, \tau =xt( , $x_{0}$
$x$ ) $t$ $M$
.
, M , $M$






42[ ] $\mathrm{H}^{3}=\{(x, y, z)\in R^{3}|z>0\}$












, $p,$ $q,$ $r\in R$ .










. , $p,$ $q,$ $r\in R$ .
47 $\overline{\mathrm{H}^{3}}=\mathrm{H}^{3}\cup\{z=0\}$ .
, $\varphi$ : $\overline{\mathrm{H}^{3}}arrow \mathrm{H},$ $\psi$ : $\mathrm{H}arrow\overline{\mathrm{H}^{3}}$
.
$\varphi$ : $(_{X,y}, Z)\vdasharrow(x, \sqrt{y^{2}+z^{2}})$
$\psi$ : $(x, y)-\rangle(x, y, 0)$






1. $P$ , $P’=\psi(P)$ .
2. P’ .
















1 1 . $R^{2}$
$O(n\log n)$
([4] Chapter 13 ) ,
.
.

















41 $\mathrm{H}$ $O(n\log n)$
.
(proof) . 1.
















. , $Pi(x_{i,yi}),pj$ , $p_{k}$
, $p(x, y)$ $-$
,H(p” $p_{j},p_{k},P$ ) $=0$ $C_{ijk}$ $p_{i}.p_{j}.pk$



















Phase 1 ( ): pl, . . . ,
+1 $PN(i+1)$ .

































2. IF (( – ,


















. (b) (a) ,
( 15 )






































$f(z)= \frac{i-z}{i+z},$ $g(w)= \frac{i(1-w)}{1+w}$ .




$D=\{(u, v)|0\leq u\leq 2\pi, v\geq 1\}\subset \mathrm{H}$
.
$f((u,v))=( \frac{1}{v}\cos u,$ $\frac{1}{v}\sin u,$ $\log(v+w)-\frac{w}{v})$








$g_{ij}= \int\frac{\partial}{\partial\xi^{i}}\log p(_{X};\xi)\cdot\frac{\partial}{\partial\xi^{j}}\log p(_{X;}\xi)\cdot p(_{X;}\xi)dX$
,







[2] D.Avis, , .
. , 1994.
122
[3] O.Devillers $\mathrm{J}.\mathrm{D}$ .Boissonnat, A.C\’er\’ezo and
M.Teilland. Output sensitive construction of
the 3-D Delaunay trianglation of constraied
sets of points. Technical Report 1415, INRIA,
1991.
[4] H.Edelsbrunner. Algorithms in Combinatorial
Geometry. Springer-Verlag, 1987. (
, . .
, 1995)
[5] $\mathrm{P}.\mathrm{J}$ .Green and R.Sibson. Computing Dirich-
let Tessellation in the Plane. The Computer
Journal, 21:168-173, 1978.
[6] $\mathrm{F}.\mathrm{K}$ .Hwang. An $O(n\log n)$ algorithm for
rectikinear minimal spanning tree. J.ACM,
26:177-182, 1979.
[7] H.Imai, M.Iri, and K.Murota. Voronoi dia-
gram in the laguerre geometry and its appli-
cations. SIAM Journal on Computing, 14:93-
105, 1985.
[8] , . . , 1994.
[9] / .
. , 1986.
[10] S.Kobayashi and K.Nomizu. Foundations of
differential geometry. INTERSCIENCE PUB-
LISHERS, 1969.
[11] $\mathrm{D}.\mathrm{T}$ .Lee and $\mathrm{C}.\mathrm{K}$ .Wong. Voronoi diagrams
in $l_{1}-(l\infty-)$ metrics with 2-dimensional storage
applications. SIAM J. Comput, $9(1):200-211$ ,
1980.
[12] S.Meiser $\mathrm{J}.\mathrm{D}$ .Boissonnat and M.Teillaud. The
space of spheres,a geometric tool to unify du-
ality results on voroni diagram. Technical Re-
port 1620, INRIA, 1992.
[13] K.Onishi and N.Takayama. Construction of
Voronoi Diagram on the Upper Half-plane.
(preprint)
[14] $\mathrm{F}.\mathrm{P}$.Preparata and $\mathrm{M}.\mathrm{I}$ .Shamos. Computa-
tional Geometory. Springer-Verlag, 1985. (IK
, . .
, 1992)
[15] $\mathrm{M}.\mathrm{I}$ .Shamos and D.Hoey. Closest-point prob-
lems. In Proceedings of 16th IEEE Annual
Symposium on Foundations of Computer Sci-
ence, pages 151-162, 1975.
[16] K.Sugihara and M.Iri. Construction of the
Voronoi Diagram for one million Generators
in Single-Precision Arithmetic. Proceedings of
the IEEE, $80(9):1471-1484$, 1992.
[17] . . , 1994.
[18] . . , 1994.
123
